Yttrium oxide (Y 2 O 3 ) is a major component in optical windows and rare-earth doped lasers [1-2]. Recently, nanocrystalline Y 2 O 3 , with grain size <100 nm, has become the focus of attention because it offers improved mechanical performance while maintaining high optical transmittance in the mid-IR range (2-8 µm). Conventional powder consolidation methods require high sintering temperatures, which makes the fabrication of nano-grained structures challenging. To circumvent this problem, we have been investigating a reversible phase transformation (RPT) process, under high pressure, to transform bulk polycrystalline Y 2 O 3 directly into the nanocrystalline state. So far, starting with coarse-grained (300 µm) polycrystalline Y 2 O 3 , a single RPT operation conducted at 1000ºC, has reduced the grain size to ~100 nm [3]. An unexpected finding was the appearance of a surface modification effect, which increased with holding time at 1000ºC. As will be shown, this effect can be understood in terms of a reductive decomposition mechanism, due to reaction of the Y 2 O 3 sample with the graphite heater. In what follows, we report on observations made by analytical electron microscopy (AEM) methods, including nano-scale strain analysis.

